Peri-metalation of 4-(dimethylamino)-1-tert-butyldimethylsilyloxynaphthalene (5) followed by reaction with an electrophile and Jones' oxidation affords 5-substituted naphthoquinones.
In the context of our studies on the regioselective Diels-Alder reactions of substituted quinones, we required a direct and versatile preparation of 5-substituted naphthoquinones.
1 Although a wealth of procedures have been reported for the synthesis of 2-substituted or 2,3-disubstituted naphthoquinones, there are very few general methods for the synthesis of 5-substituted naphthoquinones. [2] [3] [4] We evaluated peri-metalation as a strategy for constructing 5-substituted naphthoquinones and report our results herein. Our basic strategy is shown below.
Barnes and Kirby have reported that 1-methoxynaphthalene (1) and 1-dimethylaminonaphthalene (2) can be selectively metalated at the 8-position using tert-butyllithium. 5, 6 A synthesis of 5-substituted naphthoquinones could be realized if oxidation to the quinone could be achieved. In view of the results shown below, we studied the metalation of 1,4-dimethoxynaphthalene (3), a ready precursor to a naphthoquinone. Unfortunately, the selectivity for peri-metalation (as evidenced by trapping with DMF) was reduced to 2:1.
We reasoned that the attenuated selectivity relative to 1 was due to the inductive effect of the 4-methoxyl group enhancing metalation at C-2. Because 4-amino-1-naphthol is readily available, we converted it into 4 using acetic acid, paraformaldehyde, and sodium cyanoborohydride in 84% yield according to the method of Gribble. 7 Unfortunately, attempted metalation of 4 using 2.2 equiv of tert-butyllithium in ether over 48 h led to a complex mixture of products. The phenol was then protected as the TBS ether 5 using TBSCl and sodium hydride in THF. Metalation of 5 using tert-butyllithium in cyclohexane for 72 h at ambient temperature followed by trapping with methyl iodide led to a 54% yield of 6 (X ) Me) plus recovered starting material. Metalation of 5 using n-butyllithium afforded lower yields.
5 was considerably more stable to storage than was phenol 4 and could be prepared in a one-pot procedure. In addition, the TBS ether sterically inhibited metalation at C-2 and C-8. To test the suitability of 5 as a precursor to naphthoquinone, 5 was treated with Jones' reagent in acetone at 0°C. 8 After 30 min at 0°C, 1,4-naphthoquinone was generated in quantitative yield.
The successful oxidation of 5 prompted us to react the anion of 5 with a variety of electrophiles. The results are collated in Table 1 . The anion of 5 reacted successfully with several electrophiles. Quenching the anion solution with D 2 O afforded an 87% yield of deuterium incorporation. The anion did not react well with propylene oxide, benzyl chloride, or benzyl bromide. Attempts to trap the alkoxide intermediate in the propylene oxide reaction did not lead to improved yields.
We next tried a sequence of reactions involving metalation, trapping with an electrophile, and oxidation without purification of intermediates. The results are shown in Table 2 .
The reaction with iodine generated two products. When 1 equiv of sulfuric acid was added to the metalation product (to protonate the amine) before Jones' reagent was added and when the oxidation reaction was conducted at -78°C, a 44% yield of 18 and a 3% yield of 19 were obtained.
The metalation of 5 followed by trapping with halides, carbonyl groups, and stannanes and oxidation produces naphthoquinones in good overall yields. These products will be useful intermediates for the construction of heterocyclic quinones.
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Experimental Section 4-Dimethylamino-1-tert-butyldimethylsilyloxynaphthalene (5). To a stirred suspension of 4-amino-1-naphthol (1 g, 4.60 mmol) and paraformaldehyde (1.38 g, 46.0 mmol) in AcOH (30 mL) at 25°C under argon was added in 1 portion sodium cyanoborohydride (1.445 g, 23 mmol) and dry THF (6 mL). The resulting mixture was stirred at room temperature for 24 h. The pale pink suspension was then quenched with saturated aqueous Na2CO3 (40 mL) at 0°C and extracted. The organic layer was dried over MgSO4 and concentrated under vacuum (overnight) to give a red, oily residue. The residue was dissolved in dry THF (10 mL) under argon, cooled to 0°C, and treated with sodium hydride (221 mg, 9.2 mmol). The reaction mixture was stirred for 2 h at 0°C, and then TBDMSCl (832 mg, 5.52 mmol) was added. The reaction was warmed to room temperature and stirred for 8 h before being quenched with MeOH. The residue was adsorbed on silica gel and then purified by SGC (hexane/ ether 40:1), yielding 5 (1.27 g, 92%); 1 7, 144.8, 130.4, 128.9, 125.8, 125.2, 124.0, 123.2, 114.3, 112.1, 45.8, 26.1, 18.6, -4 .0; Rf (hexane/EtOAc 2:1) ) 0.96.
Representative Procedure for in Situ Oxidation. To a solution of 5 (294 mg, 0.975 mmol) in cyclohexane (3 mL) under argon was added tert-butyllithim (690 µL, 1.7 M in pentane) at 0°C. The solution was stirred at room temperature for 3 days. The resulting red solution was cooled to 0°C, and DMF (113 µL, 1.46 mmol) was added. After 1 h at 0°C, the reaction mixture was warmed to room temperature (the addition of THF (1 mL) is necessary for MeI, Bu 3SnCl, propylene oxide, iodine, benzyl bromide, and diphenyl disulfide) and then quenched with MeOH. After removal of the solvent in vacuo, the residue was dissolved in acetone (10 mL), cooled to 0°C, and treated with Jones' reagent (1.1 mL, 2.7 M). The solution was stirred at 0°C for 30 min and then quenched with 2-propanol (1 mL). The organic layer was extracted with CHCl3 and dried over MgSO4. The products were purified by silica gel flash column chromatography. 5, 146.5, 135.2, 130.8, 130.2, 129.9, 124.8, 121.4, 117.0, 112.0, 46.2, 26.2, 23.8, 18.6, -4 0, 145.3, 138.1, 136.4, 136.2, 129.9, 129.7, 129.3, 128.6, 125.0, 124.4, 119.3, 119.0, 112.7, 46.1, 26.1, 18.6, -4 8, 152.5, 136.9, 136.5, 130.1, 130.1, 127.9, 127.8, 125.4, 120.5, 111.9, 46.0, 26.0, 18.6, -4.1 . Rf (hexane/EtOAc 1:2) ) 0.17.
Compound 11: NMR (400 MHz, CDCl3) δ 8.29 (dd, J ) 8.0, 1.6 Hz, 1H), 8.26 (bs, 1H), 7.39-7.27 (m, 8H), 6.86 (d, J ) 8, 145.4, 143.2, 139.1, 130.7, 130.5, 130.2, 128.1, 127.2, 126.7, 124.5, 123.8, 120.9, 112.3, 77.1, 48.5, 46.7, 26.1, 18.6, -4.0, -4 a An extra equiv of sulfuric acid was used.
